Objective: Nonverbal learning disability (NVLD) is a putative neurodevelopmental disorder characterized by spatial processing deficits as well as social deficits similar to those characteristic of autism spectrum disorder (ASD). Nonetheless, NVLD may be a distinct disorder that is differentially associated with the functioning and connectivity of the salience (SN) and default mode (DMN) networks that support social processing. Thus, we sought to assess and compare connectivity across these networks in children with NVLD, ASD, and typically developing children. Method: Resting-state fMRI data were examined in 17 children with NVLD, 17 children with ASD selected from the Autism Brain Imaging Data Exchange (ABIDE), and 40 TD children (20 from ABIDE). Average DMN and SN functional connectivity and pairwise region-to-region connectivity were compared across groups. Associations with social impairment and IQ were assessed. Results: Children with NVLD showed reduced connectivity between SN regions (anterior insula to anterior cingulate and to rostral prefrontal cortex [rPFC]), whereas children with ASD showed greater connectivity between SN regions (supramarginal gyrus to rPFC) relative to the other groups. Both clinical groups showed higher levels of parent-reported social problems, which related to altered SN connectivity in the NVLD group. No differences were detected in overall average connectivity within or between networks. Conclusions: The social deficits common across children with NVLD and ASD may derive from distinct alterations in connectivity within the SN. Such findings represent the first step toward identifying a neurobiological signature of NVLD.
Nonverbal learning disability (NVLD) is a putative neurodevelopmental disorder first described by Johnson and Mykelbust (1967) . Although the exact criteria for a diagnosis are debated, NVLD is most often characterized by deficits in visuospatial ability, or a discrepancy between visuospatial and verbal ability, that is accompanied by problems in math but not reading or verbal ability; in addition problems in visuospatial memory, attention, executive functions, as well as fine-motor and socioemotional skills are often present (Cornoldi, Mammarella, & Fine, 2016; Fine, Semrud-Clikeman, Bledsoe, & Musielak, 2013; Mammarella & Cornoldi, 2014) . Autism spectrum disorder (ASD) is characterized by deficits in reciprocal communication and social function, as well as stereotyped, restricted interests and repetitive behaviors (Diagnostic and Statistical Manual of Mental Disorders, 5th ed., APA, 2013) . NVLD and ASD share some characteristics, such as parent report of problems in social functioning, but these difficulties may derive from different underlying deficits. For example, both groups show deficits in understanding humor and processing pragmatic language (Cardillo, Garcia, Mammarella, & Cornoldi, 2017; Semrud-Clikeman, Fine, & Bledsoe, 2015; SemrudClikeman, Walkowiak, Wilkinson, & Minne, 2010; SemrudClikeman & Glass, 2010) , but children with NVLD do not have the repetitive behaviors or restricted interests that contribute to the social deficits of children with ASD Mam-marella & Cornoldi, 2014) . Given these differences and differences in spatial processing deficits, NVLD may be a distinct disorder (Klin, Volkmar, Sparrow, Cicchetti, & Rourke, 1995; Palombo, 2006; Semrud-Clikeman, Walkowiak, Wilkinson, & Christopher, 2010) . The current study represents a first step in examining whether parent report of social problems in NVLD and ASD is differentially associated with brain function and connectivity.
Findings from resting state functional MRI (fMRI) studies of healthy individuals have identified canonical brain networks associated with broad aspects of psychological functioning (Power et al., 2011) . Social processing functions are thought to be supported, in part, by two such networks: the default mode network (DMN) and the salience network (SN; Laird et al., 2011; Li, Mai, & Liu, 2014; Menon, 2015) . In addition, task-based findings from healthy individuals suggest that DMN regions are activated during social cognition and mentalizing (Li et al., 2014; Mar, 2011; Schilbach, Eickhoff, Rotarska-Jagiela, Fink, & Vogeley, 2008) , and that activation of SN regions, particularly the anterior insula (AI), supports the interpretation of social norms (Xiang, Lohrenz, & Montague, 2013 ) and emotional awareness (Gu, Hof, Friston, & Fan, 2013) . Thus, both resting-state and task-based fMRI data implicate these networks in supporting social processing.
Altered function and connectivity of DMN and SN regions have been identified in children with ASD, consistent with their social processing deficits. Relative to typically developing (TD) children, those with ASD show reduced connectivity within the DMN in contrast to increased connectivity within and across other networks (Hull et al., 2017) . Reduced DMN connectivity is associated with symptom severity in children with ASD and, specifically, social processing problems (Assaf et al., 2010) . Children with ASD also show altered connectivity within the SN, with one study reporting decreased connectivity compared with TD children (Abbott et al., 2016) , and others reporting increased connectivity (Uddin et al., 2013) associated with social problems (Elton, Di Martino, Hazlett, & Gao, 2015) . Further, meta-analytic data suggest altered functioning of AI and anterior cingulate cortex (ACC) during social processing tasks in children with ASD (Di Martino et al., 2009) . Although no previous studies of NVLD have used task-based or resting-state fMRI, structural MRI findings suggest reduced gray matter volume in bilateral ACC in both children with NVLD and those with ASD (Semrud-Clikeman, Fine, Bledsoe, & Zhu, 2013) . Notably, the functioning and connectivity of the networks has yet to be studied and compared across these disorders.
The current study is the first to examine resting state functional connectivity (RSFC) within and between the SN and DMN in a sample of children with NVLD, children with ASD, and TD children. Given that parental reports of social dysfunction are common to both children with NVLD and ASD, we anticipated that both groups of children would show altered connectivity of the DMN and SN. However, children with NVLD and ASD have different clinical presentations and therefore the groups may show distinct patterns of alterations within or between these networks. Specifically, we hypothesized that compared with TD children, those with ASD would show decreased DMN and increased SN connectivity, consistent with prior RSFC findings (Uddin et al., 2013; von dem Hagen, Stoyanova, Baron-Cohen, & Calder, 2013) . Prior structural findings implicate the ACC in NVLD (SemrudClikeman et al., 2013) , but the absence of prior functional findings from this population precludes our making specific directional hypotheses regarding DMN and SN connectivity in children with NVLD. However, given recent work suggesting that the pathophysiology and behavioral presentation of NVLD is distinct from that of ASD (Fine, Musielak, & Semrud-Clikeman, 2014; Mammarella & Cornoldi, 2014; Semrud-Clikeman et al., 2013; SemrudClikeman et al., 2010) , we hypothesized that children with NVLD would show altered RSFC within and between the SN and DMN compared with TD children and those with ASD.
Method Participants
An age-and sex-matched sample of 20 typically developing children and 35 children suspected to exhibit NVLD were recruited through announcements posted at local schools, on social media, and in the newsletter of The NVLD Project, a nonprofit aimed at developing resources for families of children with NVLD. Of the 35 children evaluated for NVLD, 21 met criteria for NVLD (see description below and Table S1 ) and completed an MRI scan. Four children with NVLD and no TD children were excluded from imaging analyses due to excessive head motion, as described below, yielding 17 children with NVLD and 20 TD children in the final analyses (see Table 1 ). The Institutional Review Board (IRB) of the New York State Psychiatric Institute (NYSPI) approved the study; children and their guardians provided written informed assent and consent, respectively.
A sample of participants (N ϭ 20 TD, N ϭ 17 ASD) was selected from data made publicly available by the Autism Brain Imaging Data Exchange (ABIDE). Participants were selected from the ABIDE I (N ϭ 8 TD, N ϭ 2 ASD) and II (N ϭ 12 TD, N ϭ 15 ASD) releases to minimize age and sex differences between the groups. ABIDE data collected at one site, San Diego State University (SDSU), were utilized to best match the MRI scanner, acquisition parameters, and sample demographics at our site and to increase comparability across sites.
Diagnostic Criteria
A diagnosis of NVLD was established in accord with prior research criteria (e.g., Fine et al., 2014; Semrud-Clikeman et al., 2013) . Children were included in the NVLD group if they had: (a) perceptual deficits (block design, matrix reasoning, or performance IQ [PIQ] at or below the 16th percentile) or a discrepancy between verbal IQ (VIQ) and PIQ greater than or equal to 15 points; (b) intact single word reading abilities (WJ-III Letter Word Identification at or above the 16th percentile); (c) poor performance (at or below the 16th percentile) on at least two measures of: fine motor skills (Perdue Pegboard), math calculation (WJ-III Calculation), visual executive functioning (Rey Osterrieth Complex Figure (Rutter, Le Couteur, & Lord, 2003) score less than or equal to 4. Table S2 presents data describing these children on these measures. Children were excluded for MRI contraindication or if they This document is copyrighted by the American Psychological Association or one of its allied publishers.
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had any lifetime diagnosis of neurological or neurodevelopmental disorder other than specific learning disorder, ADHD, or social anxiety disorder, as determined by clinical interview and administration of the Kiddie-Schedule for Affective Disorders and Schizophrenia-Present and Lifetime Version (KSADS; Kaufman et al., 1997) . All measures in the study were administered by a certified school psychologist (Ed.M.) who had formal ADI-R and KSADS clinical training. A diagnosis of autism/autism spectrum disorder according to DSM-IV-TR criteria for participants in the ABIDE I release or DSM-5 criteria in the ABIDE II release was confirmed by an expert clinician and performance on the Autism Diagnostic Observation Schedule-2 (Lord et al., 2012) and the ADI-R (Rutter et al., 2003) . Children were excluded for MRI contraindication, ASD-related medical conditions (e.g., Fragile-X syndrome, tuberous sclerosis), and other neurological conditions (e.g., epilepsy, Tourette's Syndrome). As children from the ABIDE dataset were not explicitly screened for NVLD, those who had a PIQ less than or equal to 16th percentile or a VIQ greater than PIQ discrepancy greater than or equal to 15 points were not selected for inclusion in our analyses because such a discrepancy could be indicative of undiagnosed NVLD.
Typically developing children had no diagnoses. In our dataset, the presence or absence of lifetime diagnoses was determined using the KSADS. In the ABIDE and ABIDE-II data sets, a phone screen followed by an in-person interview with the child and family determined the absence of personal or family history of ASD as well as any other neurological or psychiatric conditions. Because these children were considered typically developing, undiagnosed NVLD was not a concern and therefore neither PIQ deficits nor VIQ-PIQ discrepancies were used as selection criteria.
Neuropsychological and Psychosocial Outcome Measures
Children at both sites completed the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999) , a measure of intellectual functioning. Parents at both sites completed the Social Responsiveness Scale (SRS), a dimensional measure of autistic social impairment (Constantino & Gruber, 2005) . Data from a number of measures used to diagnose NVLD (listed above) were only available for participants assessed at our site.
Demographic and Clinical Characteristics
Demographic and clinical characteristics (see Table 1 ) were compared across the three groups (TD vs. NVLD vs. ASD). Specifically, group differences in sex were tested by chi-squared test and group differences in continuous outcomes (age, IQ, SRS, head motion) were tested by ANOVA (Welch test when variances were not equal across groups). Independent samples t tests were used to examine differences in ADI-R scores, which were only available in the two patient groups.
Neuroimaging Acquisition NYSPI site. Functional and anatomical images were collected on a 3T GE 750 scanner. Structural T1 images were collected with an eight-channel head coil using a three-dimensional (3D) FSPGR sequences (flip angle ϭ 11, TE ϭ 2.588 ms, TR ϭ 6.412 ms, 180 slices, 1 mm ϫ 1 mm ϫ 1 mm resolution). Two runs of resting state data were acquired with a 32-channel head coil using an echo planar imaging (EPI) sequence (flip angle ϭ 77, TE ϭ 30 ms, TR ϭ 2,000 ms, 34 slices, 3.5 mm ϫ 3.5 mm ϫ 3.5 mm resolution, 140 acquisition frames, 4 min and 40 s long). Note. Table displays demographic characteristics for the typically developing (TD) children and children with nonverbal learning disability (NVLD) or with autism spectrum disorder (ASD). Means, standard deviations, and ranges are presented for all continuous variables. The group differences column indicates ANOVA F-statistics comparing across all three groups. The number and percent of female participants was presented in the sex row and group differences were tested using chi-squared. The direction column indicates significant post hoc tests (Fisher's least significant difference or Dunnet's T3 when inhomogeneity of variance was present) to parse any significant ANOVA results. VIQ ϭ verbal IQ; PIQ ϭ performance IQ; SRS ϭ Social Responsiveness Scale. For all IQ scores, TD n ϭ 40, NVLD n ϭ 17, and ASD n ϭ 17.
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ABIDE SDSU site. Functional and anatomical images were collected on a 3T GE MR750 scanner with an eight-channel head coil. Structural T1 images were collected with a 3D SPGR sequence (flip angle ϭ 8, TE ϭ 3.17 2ms, TR ϭ 8.13 6ms, 172 slices, 1 mm ϫ 1 mm ϫ 1 mm resolution). One run of resting state data was acquired using an EPI sequence (flip angle ϭ 90, TE ϭ 30 ms, TR ϭ 2,000 ms, 42 slices, 3.4375 mm ϫ 3.4375 mm ϫ 3.4 mm resolution, 180 acquisition frames, 6 min and 10 s long).
Resting State Functional Connectivity Preprocessing
For participants scanned at our site, one run of resting state data was selected (the first run, unless this run had too much head motion, as defined below) to better match the length of the ABIDE acquisition. Analysis was performed in the CONN toolbox v 17.f (www.nitrc .org/projects/conn; Whitfield-Gabrieli & Nieto-Castanon, 2012) for SPM 12 (http://www.fil.ion.ucl.ac.uk/spm/software/spm12/). Preprocessing included realignment; unwarping; centering; slice timing correction; Artifact Detection Tools outlier detection; segmentation of cerebral spinal fluid, gray, and white matter; normalization to the Montreal Neurological Institute (MNI) template; and 8-mm full-width half-maximum smoothing for functional images. Structural images were centered, segmented, and normalized to the MNI template. BOLD signal was band-pass filtered (0.008 Hz-0.09 Hz). Anatomical component-based noise correction (aCompCor; Behzadi, Restom, Liau, & Liu, 2007) was used for further denoising, specifically regressing 10 white matter and 10 cerebral spinal fluid (CSF) components (detrended and despiked). Given significant debate regarding selection of confound regression methods (Ciric et al., 2017) , supplemental analyses were conducted after denoising with global signal regression (GSR).
Motion Correction
To minimize effects of head motion, frames exceeding 0.9 mm frame-wise displacement or frame-to-frame changes in global signal above a z-value of 5, a more stringent correction than prior work with the ABIDE data (Nair et al., 2014; Carper, Solders, Treiber, Fishman, & Muller, 2015; Fishman, Keown, Lincoln, Pineda, & Muller, 2014) were regressed from the data in the first level models. In other words, frames with motion exceeding these thresholds (frame-wise displacement Ͼ.9 mm or frame-to-frame change z Ͼ 5) were assigned a value of 1 on individual regressors representing those frames, rather than removing the frame, in order to keep the total number of frames constant across participants. Next, participants with fewer than 80 usable frames were excluded from the analyses (N ϭ 4/21 NVLD). In addition, 12 head motion parameters (motion ϩ first-order derivatives) were included as regressors. Total number of usable frames and percent usable frames for each group were significantly correlated with mean motion, r(72) ϭ Ϫ.694, p Ͻ .001; r(72) ϭ Ϫ.947, p Ͻ .001, respectively (see Table 1 ).
Comparability of Data Across Sites
Recent findings suggest that seed-to-voxel connectivity findings are consistent across scanners and sites (Noble et al., 2017) . To maximize comparability of data across sites, however, we selected data from ABIDE that was acquired at a single site using a scanner (3T GE 750) and pulse sequence that matched ours most closely: 1 mm ϫ 1 mm ϫ 1 mm resolution for the T1, and TE ϭ 30, TR ϭ 2,000 ms, and nearly identical spatial resolution for EPI sequences. In addition, we sought to determine whether site differences in head coils and MRI acquisition parameters could confound results. Specifically, an independent samples t test was used to compare the average temporal signal-to-noise ratio (tSNR) across the samples acquired at the two sites. Additionally, the number of frames acquired differed by site and thus contributed to differences in the number of usable frames between participants with NVLD and ASD (see Table 1 ). Because the ability to detect connectivity between regions is likely influenced by the number of available frames, differences in sequence length between sites could confound group differences in connectivity. Thus, the number of usable frames (after outlier regression) was included as a covariate to account for differences in site. The number of usable frames was highly correlated with mean motion, and therefore controlling for it also controlled for individual differences in head motion. Note. Table displays the connections between salience network seeds that showed significant group differences after false discovery rate (FDR) correction for multiple comparisons. The F column indicates F-statistics for group differences in each connection. The FDR q column indicates the FDR-corrected p-value from the second-step of the FDR correction (i.e. controlling for ten tests for each seed passing the first step of FDR correction). Effect size (partial eta-squared) of the group difference are presented in the 2 column. The direction column indicates the direction of effects among the three groups indicated by significant post hoc tests (Fisher's least significant difference, p Ͻ .05). The F-useable column indicates the F-statistic for group differences from post hoc ANCOVAs including the number of usable frames as a covariate. ACC ϭ anterior cingulate cortex; AI ϭ anterior insula; SMG ϭ supramarginal gyrus; rPFC ϭ rostral prefrontal cortex; TD ϭ typically developing; ASD ϭ autism spectrum disorder; NVLD ϭ nonverbal learning disability. For all SRS scores, TD n ϭ 32, NVLD n ϭ 17, ASD n ϭ 15. ‫ء‬ p Ͻ .05.
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Connectivity Measures
Connectivity was derived from bivariate correlations between seven region of interest (ROI) seeds of the SN and four seeds of DMN (Table S3 ; Figure S1 ). Seeds were available through CONN and were previously defined using independent components analyses of data from the Human Connectome Project (Smith et al., 2013) . First, average network connectivity, that is, mean of all pairwise correlations among SN seeds, among DMN seeds, and between SN and DMN seeds, was examined. Next, pairwise ROIto-ROI connectivity strength values within and between the networks were examined.
Statistical Analyses
Average network connectivity and pairwise ROI-ROI connectivity strength values were compared across diagnostic groups (TD vs. NVLD vs. ASD) using second-level F tests in CONN. ANOVAs were performed on the Fisher r-to-Z transformed correlation values, the standard procedure in CONN. False discovery rate (FDR) was used in two steps, at the seed-and then connectionlevel, to control for multiple comparisons. First, multivariate tests were used to identify ROIs that showed omnibus group differences in connectivity with any other ROIs (FDR corrected p values: qϽ.05, controlling for 11 omnibus tests). Next, connectivity between each ROI significant in this first step and all 10 other ROIs was examined to parse significant omnibus effects (FDR corrected for 10 tests per ROI, qϽ.05). Only connections showing significant group differences after this two-step FDR correction (see Table 2 ) were extracted for post hoc analyses and visualization. Post hoc analyses included follow-up ANCOVAs performed in SPSS controlling for the number of usable frames to account for potential differences associated with head motion and scan site; Figure 1 . Group differences in salience network connectivity. This figure displays differences in salience network connectivity across the typically developing (TD) children, children with nonverbal learning disability (NVLD), and children with autism spectrum disorder (ASD). Bars indicate mean connectivity values (Fisher r-to-Z transformed correlation values) and error bars indicate one standard error of the mean. ACC ϭ anterior cingulate cortex; SMG ϭ supramarginal gyrus; rPFC ϭ rostral prefrontal cortex. This document is copyrighted by the American Psychological Association or one of its allied publishers.
these are reported in Table 2 . Further, associations between RSFC and behavioral measures (SRS total, VIQ-PIQ discrepancy, VIQ, and PIQ) were explored in hierarchical linear regression models that included group, RSFC, and a group-by RSFC interaction term as predictors, controlling for number of usable frames. Nonsignificant interaction terms were dropped from the models.
Results

Demographic and Clinical Characteristics
Groups did not differ in age or sex (see Table 1 ). As expected, the two clinical groups differed in VIQ (NVLD Ͼ ASD), PIQ (ASD Ͼ NVLD), and VIQ-PIQ discrepancy (NVLD Ͼ ASD). Relative to TD children, children with NVLD and ASD had significantly higher total scores on the SRS (see Table 1 ) and children with NVLD showed more variance in SRS scores than did the other two groups (Levene statistic (2,61) ϭ 8.86, p Ͻ .001). Average whole-brain tSNR did not differ across the samples acquired at the two sites, t(72) ϭ Ϫ1.33, p ϭ .19.
Resting State Functional Connectivity
Group differences in RSFC between SN seeds were detected (Figures 1 and 2, Table 2 ), specifically from left and right AI to ACC and from left AI to right rostral prefrontal cortex (rPFC), deriving from reduced RSFC in children with NVLD relative to children with ASD and TD children. Group differences were also detected from left and right supramarginal gyrus (SMG) to right rPFC, deriving from greater RSFC in children with ASD relative to those with NVLD and TD children. Group differences in RSFC from right AI to ACC and from left AI to right rPFC were no longer significant when controlling for number of usable frames. No differences were detected in overall average connectivity within the DMN or SN or between the two networks. A supplemental analysis after denoising with GSR produced a similar pattern of results to those using aCompCor; children with NVLD showed reduced RSFC from left AI to ACC relative to children with ASD and TD children, and children with ASD showed greater RSFC from right SMG to right rPFC relative to children with NVLD and TD children (Table S4) .
Exploratory analyses revealed a significant group-by-RSFC (ACC-left AI) interaction predicting SRS total scores (b ϭ Ϫ26.323, t(63) ϭ Ϫ2.33, p ϭ .023; Table S5 ), deriving from a trend level inverse association between RSFC and SRS in the NVLD group (b ϭ Ϫ24.890, t(15) ϭ Ϫ1.946, p ϭ .071) but nonsignificant associations in the other groups. No other significant group-by-RSFC interactions were detected, but main effects of right SMG to right rPFC connectivity on VIQ (b ϭ Ϫ14.726, t(69) ϭ Ϫ2.087, p ϭ .041; Table S5 ) and of left SMG to right rPFC connectivity on PIQ (b ϭ Ϫ15.793, t(69) ϭ Ϫ2.122, p ϭ .037 ; Table S5 ) were detected, controlling for group and number of usable frames (see Figure 3) .
Discussion
This is the first study to examine resting state functional connectivity in children with NVLD and specifically to compare connectivity within and across the SN and DMN in children with NVLD, children with ASD, and TD children. Children with NVLD and children with ASD had more parent-reported social problems than TD children. Whereas within-SN connectivity was reduced in children with NVLD, specifically between AI-ACC, SN connectivity was increased in children with ASD, specifically between rPFC-SMG. Weaker left AI-ACC connectivity was associated with more social problems in the NVLD group, while right SMG to right rPFC connectivity was increased in the ASD group and associated with reduced verbal abilities. These findings point to distinct alterations within a common network in NVLD and ASD that likely contribute to social or cognitive deficits in each disorder.
Children with ASD showed increased connectivity within the SN relative to TD children, specifically between left and right SMG and right rPFC. Our findings converge with findings from prior studies showing hyperconnectivity within the SN (Uddin et al., 2013) and no differences in AI-ACC connectivity (Abbott et al., 2016) . Increased connectivity between right SMG and rPFC associated with lower VIQ scores in the ASD group, consistent with the role of SMG in language functions (Hartwigsen et al., 2010) . Reduced interhemispheric connectivity between auditory cortical areas necessary for language functions is associated with reduced VIQ in children with ASD (Linke, Jao Keehn, Pueschel, Fishman, & Müller, 2018) . Thus, aberrant connectivity across contralateral language processing areas and to PFC is associated with reduced verbal IQ in ASD, consistent with the languagerelated deficits commonly reported in these children (Rice, WarFigure 2 . Group differences in connectivity between SN seeds. This figure displays the seeds of the salience network and pairwise connections between them that showed significant group differences. Red lines between the rostral prefrontal cortex (rPFC) and bilateral supramarginal gyrus (SMG) indicate greater connectivity in children with autism spectrum disorder (ASD) compared with the other groups. Green lines between the anterior insula seeds and the anterior cingulate cortex (ACC) and rPFC indicate lower connectivity in the children with nonverbal learning disability (NVLD). The solid lines remained significant when controlling for the number of usable frames while the dotted lines indicate those connections which did not remain significant in this control analysis. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. ren, & Betz, 2005) . Further, deficits in language-related processes associate with decreased social functioning in ASD (Linke et al., 2018) , suggesting that social deficits in children with ASD may derive, in part, from language related deficits. Because adults with ASD do not show altered rSMG connectivity (Hoffmann, Koehne, Steinbeis, Dziobek, & Singer, 2016) , future longitudinal studies should investigate whether an altered developmental trajectory of SN connectivity may contribute to the development of ASD. Children with NVLD showed reduced connectivity within the SN relative to children with ASD or TD children, specifically between left and right AI and ACC as well as between left AI and right rPFC. Reduced connectivity from left AI to ACC was associated with greater social problems, suggesting that this pattern of altered functional connectivity may underlie the social difficulties detected in children with NVLD. Relative to healthy adults, healthy children typically show reduced connectivity within the SN (Menon, 2015) , specifically between the AI and ACC, suggesting that further reduced SN connectivity in children with NVLD may reflect delayed network maturation, pointing to the need for longitudinal studies within this population. Consistent with clinical observations that children with NVLD have difficulty interpreting social cues (Semrud-Clikeman et al., 2015) , AI-ACC functional activation and connectivity has been associated with interpreting social norms (Xiang et al., 2013) , processing the experience of reward and pain in others (Lockwood, 2016) , as well as the production of subjective feelings and coordinating responses to internal and external events (Medford & Critchley, 2010) . Reduced AI-ACC functional connectivity in NVLD may underlie the specific difficulties that children with NVLD have in social interactions, which may derive from difficulty interpreting social cues. Such difficulty may thus disrupt their active engagement in social interactions.
That ROI-to-ROI connectivity between nodes, and not average connectivity within networks, showed group differences suggests that different methodological approaches to measuring network connectivity may identify different aspects of pathophysiology. This may be particularly relevant in studies of children as networks change and develop. ROI-to-ROI analyses may allow for more specific insight, revealing group differences that would be lost on a larger scale. Other studies have similarly found different connectivity patterns (hyper-and hypoconnectivity) between different nodes within the SN in individuals with obsessive compulsive disorder (Fan et al., 2017) .
Our study has several limitations. The small sample size limits the generalizability of findings and requires replication in a larger independent sample. Further, it was not possible to compare performance of children with NVLD and ASD on direct tests of social function as this was not available in the ABIDE dataset. While leveraging publicly available data to compare children with NVLD and ASD was a strength of this study, the MRI acquisition param- Figure 3 . Behavioral correlates of salience network connectivity. This figure displays scatter plots of behavioral measures that showed significant associations with connectivity values. The graph on the left shows the association between Social Responsiveness Scale (SRS) total t-scores and ACC-left AI connectivity values. A significant group-by-connectivity interaction on SRS total score (p ϭ .023) was driven by a trend level inverse SRS-connectivity association in the NVLD children (p ϭ .071). The graph on the right shows the association between verbal IQ scores and right SMG-right rPFC connectivity values. Inverse IQ-connectivity associations were significant across all participants while controlling for group (p Ͻ .04). Typically developing children (TD) are shown in blue, children with nonverbal learning disability (NVLD) are shown in green, and children with autism spectrum disorder (ASD) are shown in red. ACC ϭ anterior cingulate cortex; SMG ϭ supramarginal gyrus; rPFC ϭ rostral prefrontal cortex. This document is copyrighted by the American Psychological Association or one of its allied publishers.
eters across sites were not matched identically. Although a limitation of our data, average whole-brain tSNR was comparable across the samples scanned at the two different sites, suggesting that our findings of group differences cannot be attributed to differences in MRI acquisition. Further, recent findings show that seed-to-voxel connectivity analyses are robust to scanner and site differences (Noble et al., 2017) . Notably, the length of resting state MRI scans varied across sites; as longer scans could lead to better estimates of the correlations between brain regions, we covaried for number of usable frames to control for these differences. Because number of usable frames was highly correlated with mean motion, this also allowed us to control potential effects of motion on observed group differences. Additionally, although the criteria for NVLD is debated , the diagnostic criteria used herein build on those used in prior neuroimaging studies of NVLD (Fine et al., 2014; Semrud-Clikeman & Fine, 2011; Semrud-Clikeman et al., 2013) . Our approach also excludes children with comorbid NVLD and ASD, which may have biased the results by increasing the likelihood of finding group differences. Future studies should compare functional connectivity across three groups of children: ASD only, NVLD only, ASD ϩ NVLD. Last, correlations between behavioral variables and functional connectivity values were not corrected for multiple comparisons and therefore should be interpreted with caution and require replication. In summary, this is the first study to provide evidence for distinct functional neural signatures in NVLD as compared with both TD children and those with ASD. Relative to TD children, children with ASD and children with NVLD showed parentreported deficits in social functioning. Patterns of altered connectivity within the SN were associated with social problems in children with NVLD and language problems in those with ASD; importantly, these problems derived from alterations between distinct nodes of the same network. Children with ASD showed increased connectivity from rPFC to right SMG, a region implicated in language and social functions, whereas those with NVLD showed reduced AI-ACC connectivity, regions that support the processing of social cues, consistent with the phenomenology of these two disorders. Thus, our findings suggest that distinct alterations in RSFC within the SN may distinguish between children with NVLD and ASD.
